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Aims To estimate the rates of common adverse events in patients treated with the

proton pump inhibitors omeprazole, lansoprazole and pantoprazole in general practice

in England.

Methods In prescription-event monitoring cohort studies, data on dispensed

prescriptions prescribed by general practitioners in England soon after each drug

was launched were linked to subsequent clinical events recorded by the prescriber.

16 205 patients prescribed omeprazole between June 1989 and June 1990, 17 329

patients prescribed lansoprazole between May and November 1994, and 11 541

patients prescribed pantoprazole between December 1996 and June 1997 were

studied.

Results The commonest adverse events in the omeprazole, lansoprazole and

pantoprazole cohorts were diarrhoea (incidence: 0.18, 0.39 and 0.23 per 1000 days

of exposure, respectively); nausea/vomiting (incidence: 0.16, 0.22 and 0.18 per

1000 days of exposure, respectively); abdominal pain (incidence: 0.17, 0.21 and 0.17

per 1000 days of exposure, respectively); and headache (incidence rates: 0.10, 0.17 and

0.15 per 1000 days of exposure, respectively). The remaining adverse events occurred

at rates of less than 0.11 per 1000 days of exposure. There were little absolute

differences in the rates of most events between the three proton pump inhibitors.

However, diarrhoea was more commonly associated with lansoprazole compared with

omeprazole (rate difference: 0.21 per 1000 days of exposure; 95% CI 0.17, 0.25; rate

ratio: 2.11; 1.78, 2.51), and there was a clear age-response relationship.

Conclusions Adverse events occurred relatively infrequently in all three cohorts. There

were only small absolute differences in event rates between the three drugs, although

these data suggest the hypothesis that lansoprazole is associated with more frequent

occurrence of diarrhoea, particularly in the elderly.
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Introduction

Proton pump inhibitors are highly effective in treating

acid-related upper gastrointestinal disease [1, 2]. The ®rst

proton pump inhibitor launched in the UK was

omeprazole (1989), the second was lansoprazole (1994)

and the third was pantoprazole (1997). The use of proton

pump inhibitors is increasing rapidly [3, 4], and an

estimated 0.8% of the UK population take long-term

antisecretory agents [5]. Prescribing doctors are urged to

consider a drug's bene®ts and risks when initiating

treatment [6], and when a drug is ®rst launched most of

this information will come from premarketing clinical

trials. These show no difference in ef®cacy between

proton pump inhibitors [7, 8], and that the commonest

adverse events, occurring in 1±4% of patients, are

headache, nausea, diarrhoea, abdominal pain, constipation,

dizziness, fatigue, rash, and pruritus [2, 7, 8]. However, the
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adverse event database of newly marketed drugs is limited

[9], and it is only after widespread clinical use that the side-

effect pro®le of a drug is ascertained more comprehen-

sively [10]. Although the knowledge gained about adverse

effects of drugs used in large cohorts of unselected patients

in the community is an important step towards reducing

the burden of drug toxicity [11], the importance of adverse

drug reactions is often underestimated [11].

Experience of the adverse effects of proton pump

inhibitors is greatest for omeprazole, which has been on

the market longest [12]. There have been case reports of

sexual disturbances [13], gynaecomastia [14], gout [15],

lethargy [16], polyarthralgia [17], campylobacter gastro-

enteritis [18], atrophic gastritis [19], angiooedema [20],

subacute myopathy [21], and ocular damage [22]. Case

reports are an important method of improving knowledge

about drug side-effects but data on the frequency of

occurrence of adverse events are not readily available to

prescribing doctors, who are therefore unable to put these

isolated cases into a population perspective. There is also

limited data comparing the side-effect pro®les of proton

pump inhibitors when used outside the carefully mon-

itored setting of randomised controlled trials. However,

relatively weak evidence has recently been published from

physician and patient surveys linking lansoprazole with an

increased frequency of side-effects, especially diarrhoea,

abdominal cramps and headache, when used in the clinical

setting [23±25]. Furthermore, a case series reported that

microscopic colitis and associated diarrhoea were related to

initiation of lansoprazole, and that colonic histology

normalized on discontinuation of the drug [26].

Prescription-event monitoring cohort studies on the

proton pump inhibitors omeprazole, lansoprazole and

pantoprazole have been conducted by the Drug Safety

Research Unit. These studies link dispensed prescriptions

for drugs prescribed by general practitioners with incident

events experienced by the patient after that drug was

started [27, 28]. We determined the rates of common

adverse events occurring in association with exposure to

omeprazole, lansoprazole or pantoprazole. We compared

the rates of these common events reported in the

lansoprazole and pantoprazole cohorts with the rates

reported in the omeprazole cohort, in order to test the null

hypothesis that the rates are the same in the three cohorts.

We were particularly interested in comparing rates of

diarrhoea, abdominal pain and headache, given the a priori

evidence for possible differences discussed above [23±25].

Methods

Study design

The methodology of prescription-event monitoring has

previously been described [27, 28]. Details of all dispensed

prescriptions for selected newly marketed drugs, pre-

scribed by general practitioners in England soon after

launch, are provided in con®dence by the Prescription

Pricing Authority. Enquiries are then sent to the

prescribing doctor asking for details and dates of events

occurring after the drugs were prescribed. The de®nition

of an event is `any new diagnosis, any reason for referral to

a consultant or admission to hospital, any unexpected

deterioration (or improvement) in a concurrent illness, any

suspected adverse drug reaction, or any other complaint

which was considered of suf®cient importance to enter in

the patients' notes.k An opinion on whether or not the

events were drug related is not required. Other informa-

tion includes patient demography, indication, and expo-

sure dates. Dose and concomitant medications are not

routinely recorded on the questionnaires and all prescrip-

tions for the study drugs issued by general practitioners

during the period of surveillance are included in the study

regardless of dose, duration of prescription or concomitant

prescribing of other drugs. Duration of exposure is

accounted for in the analysis by computing person-time

of exposure for each patient.

Subjects

Subjects were all patients in England who received, and

had dispensed, at least one prescription on an FP10 from

their general practitioner for omeprazole between June

1989 and June 1990, lansoprazole between May and

November 1994, and pantoprazole between December

1996 and June 1997.

Events

From a list of the commonest 11 events reported in the

omeprazole cohort [27], we examined eight clinical events

(diarrhoea, nausea/vomiting, abdominal pain, headache,

chest pain/tight chest, ischaemic heart disease, malaise/

lassitude, depression). The three common events not

examined were upper respiratory tract infection, malig-

nancy and dyspepsia because they were thought unlikely

to be drug related or that they might be associated with the

indication. We also examined the rates of joint pain and

myalgia, because concern about these events has pre-

viously been raised [17, 21] and they were reported

relatively commonly compared with other events in the

cohorts [27].

Coding

The events were coded using a specially developed

dictionary, designed to deal with terms used by general

practitioners, and organized in a system-organ classi®ca-

tion. Coding was performed by trained clerks. There was a
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daily quality assurance procedure supervised by a senior

research fellow, and a weekly coding meeting supervised

by medical staff. The terms for indications re¯ect the

clinical terms used by reporting general practitioners to

describe their reasons for prescribing the drugs. The term

ischaemic heart disease included reports of angina and

myocardial infarction. Joint pain included reports of joint

stiffness, polyarthralgia, and `rheumatism.'

Analysis

Analysis was restricted to the ®rst 6 months of drug

exposure. Rates were the numbers of each event per

1000 days of exposure during the ®rst 6 months after each

drug was started. For individual patients only the ®rst

report of each event was included in the calculation of

these rates. Person-days of exposure were calculated from

the date the drug was ®rst prescribed by the general

practitioner, with censoring at the date of the ®rst event

during treatment, or the date the subject stopped the drug,

or if the drug was not stopped then the end of the 6 month

follow-up period. The date of death or the date the subject

was no longer registered with the practice was used as the

censoring time if these dates occurred before the end of

follow-up and the drug had not been discontinued. Rate

differences and 95% con®dence limits for rate differences

were calculated using omeprazole as the baseline,

according to standard formulae [29]. Crude and adjusted

rate ratios were calculated for the ®rst 6 months of

exposure using Cox proportional hazards regression

analysis with omeprazole as the reference drug. In this

model time is modelled nonparametrically and there is no

assumption that rates are constant within each time-band.

The adjusted models also included categorical terms for

age (9 categories), season of starting the drug (4 categories)

and indication for the drug (8 categories). All models were

strati®ed by gender, allowing for different sets of baseline

rate parameters for males and females.

Patients from the same general practice may be more

alike than patients from different general practices. If such

clustering is not accounted for in the analyses con®dence

intervals and P values may be biased [30]. Therefore all

effect estimates were adjusted for potential clustering by

general practice.

The proportional hazards assumption was analysed in

the crude and adjusted models by inspection of log

cumulative hazard curves (Aalen plots), and formally tested

by the likelihood ratio test for interaction between

exposure and time. Since multiple hypothesis tests were

performed, increasing the probability of a `signi®cant'

result by chance, the level of statistical signi®cance was set

at P<0.01. Statistical analysis was performed using Stata

[31].

Results

The omeprazole cohort comprised 16 205 patients, out of

a total of 28 496 (56.9%) patients in England, who

received at least one prescription for omeprazole between

June 1989 and June 1990; the lansoprazole cohort

comprised 17 329 patients, out of a total of 36 722

(47.2%) patients in England, who received at least one

prescription between May and November 1994; and the

pantoprazole cohort comprised 11 541 patients, out of a

total of 28 159 (41.0%) patients in England, who received

at least one prescription between December 1996 and June

1997 (Table 1). The age and sex distribution of the cohorts

was similar. Approximately two-®fths of each cohort were

prescribed the drug for oesophageal re¯ux/oesophagitis.

Omeprazole, the ®rst drug on the UK market, was more

frequently prescribed for peptic ulcer, oesophageal re¯ux

and hiatus hernia than lansoprazole or pantoprazole.

Lansoprazole (second on the market) was almost twice as

frequently prescribed for dyspepsia than omeprazole, and

pantoprazole (third on the market) was over two-and-a-

half times as frequently prescribed for dyspepsia than

omeprazole.

The commonest adverse event in the omeprazole,

lansoprazole and pantoprazole cohorts was diarrhoea

(incidence rates[95% CI]: 0.18[0.16, 0.20]; 0.39[0.36,

0.42] and 0.23[0.20, 0.27] per 1000 days of exposure,

respectively) (Table 2). The next most frequently reported

adverse events in all three cohorts were nausea/vomiting,

abdominal pain and headache. The remaining events

occurred with a frequency of less than or equal to 0.11 per

1000 days of exposure.

The rate difference for diarrhoea when lansoprazole was

compared with omeprazole was 0.21 per 1000 days of

drug exposure (Table 2). If 1000 patients were treated for

one month there would be approximately six extra reports

of incident diarrhoea compared with omeprazole (assum-

ing a constant hazard). However, the rate differences for all

other events, in both the lansoprazole vs omeprazole

comparison and the pantoprazole vs omeprazole compar-

ison were less than 0.07 per 1000 days of drug exposure. If

1000 patients were treated for 1 month there would be

fewer than 2.1 extra reports of the event compared with

omeprazole (assuming a constant hazard).

Crude rate ratios for the association between individual

proton pump inhibitors and adverse events were similar to

the adjusted rate ratios (Table 2). After adjustment for age,

sex, indication, season of starting the drug, follow-up time,

and clustering at general practice level, lansoprazole was

associated with signi®cantly (P<0.01) higher rates of

myalgia (rate ratio: 2.31; 95% CI: 1.36, 3.90); diarrhoea

(rate ratio: 2.11; 1.78, 2.51); depression (rate ratio: 1.64;

1.24, 2.19); headache (rate ratio: 1.58; 1.26, 1.99); malaise

(rate ratio: 1.46; 1.11, 1.92); and nausea/vomiting (rate
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ratio: 1.33; 1.10, 1.61) compared with omeprazole. After

adjustment for the above factors pantoprazole was

associated with signi®cantly (P<0.01) higher rates of

myalgia (2.62; 1.52, 4.50) and headache (1.48; 1.14, 1.93)

compared with omeprazole. The differences in propor-

tionate survival from diarrhoea in the three cohorts are

illustrated in the Kaplan-Meier survival estimates plotted

in Figure 1. There was no evidence of an interaction

between drug exposure and indication on outcome. The

results were similar when the analysis was restricted to the

®rst month of exposure. Results taking into account

clustering at the general practice level were similar to

results which did not take this into account.

Table 3 shows the age-strati®ed rate ratios of diarrhoea

during the ®rst 6 months of exposure to lansoprazole or

pantoprazole compared with omeprazole. The adjusted

rate ratio of diarrhoea associated with lansoprazole

increased in each successive age group from 1.2 (0.6,

2.6) in the 21±30 years age group to 2.9 (2.1, 4.0;

P<0.001) in the 71±80 years age group. There were no

age related patterns to the relative differences between

omeprazole and lansoprazole for the other events, and

there were no age-related patterns to either diarrhoea or

other adverse event rates for pantoprazole relative to

omeprazole.

Discussion

The main ®nding of this analysis was that the commonest

adverse events reported during exposure to omeprazole,

lansoprazole and pantoprazole occurred relatively infre-

quently. The large numbers involved in these cohorts

provided relatively tight con®dence limits around the

point estimates, an advantage of this study. The

importance of such estimates is that they were derived

from `real-live' clinical experience, rather than during the

carefully controlled conditions of a clinical trial (which,

additionally are often too small to provide precise adverse

event rate estimates). These estimates enable the prescriber

to assess and rank the frequency of these events within a

population perspective. Such an assessment is unavailable

from routine prescribing sources used by clinicians such as

the British National Formulary (BNF) or the Summary of

Product Characteristics (SpC) [32, 33], as these simply

provide a raw list of suspected adverse drug reactions.

When choosing between alternative drugs prescribers

will need to make some assessment of their comparative

ef®cacy, cost, and side-effect pro®le [6]. However, the

importance of side-effects is often forgotten [11], despite

the likelihood that even minor side-effects can impact on

patients' acceptability, tolerance and compliance with

treatment, as well as have implications for sickness absence

from work, costs of treating side-effects, and the costs of

additional contact with health services. Our data suggest

that there may be differences in the rates of some of the

commonly observed side-effects, and the higher rate of

diarrhoea associated with lansoprazole is in agreement

with previous surveys of physicians experiences and a case-

series [23±26]. However, apart from the association

between lansoprazole and diarrhoea in comparison with

omeprazole, the absolute differences in rates were small

and are unlikely to be of clinical importance when

deciding on treatment options. We also observed an

increasing risk of diarrhoea associated with lansoprazole,

Table 1 Characteristics of the cohorts.

Omeprazole Lansoprazole Pantoprazole

Dates of prescriptions June 1989 to July 1990 May to November 1994 December 1996 to June 1997

Total number of green forms posted 28 496 36 722 28,159

Total number of green forms returned (% response rates) 16 205 (56.9) 17 329 (47.2) 11 541 (41.0)

Total number of patient-months of exposure{ 58268 46248 28396

Median (IQR") number of patient-months of exposure{ 2.6 (1.0±6.0) 1.7 (0.9±6.0) 1.9 (0.9±6.0)

Males (%) 7970 (49.2) 8160 (47.1) 5350 (46.4)

Females (%) 8073 (49.8) 8975 (51.8) 6068 (52.6)

Sex not reported (%) 162 (1.0) 194 (1.1) 123 (1.1)

Mean age (years) (s.d.*) 58.1 (16.4) 55.4 (16.6) 55.9 (16.5)

Indication{ (%
W

)

Oesophageal re¯ux/oesophagitis 5720 (40.8) 6727 (45.2) 3276 (42.1)

Ulcer peptic/oesophageal 2411 (17.2) 1110 (7.5) 410 (5.3)

Hiatus hernia 1619 (11.5) 692 (4.6) 338 (4.3)

Dyspepsia 1352 (9.6) 2773 (18.6) 1951 (25.1)

Abdominal pain 712 (5.1) 1478 (9.9) 688 (8.8)

Other 2217 (15.8) 2105 (14.1) 1122 (14.4)

Total with known indication 14031 14885 7785

{In the ®rst 6 months of the study for each patient. "Interquartile range. *Standard deviation. {Ranked by frequency of report in omeprazole cohort.
W

% of total with known indication.
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but not pantoprazole, with increasing age. This suggests

the hypothesis that older age may be a risk factor for

diarrhoea in patients prescribed lansoprazole.

The observed event rates are likely to be an under-

estimate of the adverse events experienced by patients,

because they may not report them to their general

practitioner or the general practitioner may not have

reported them on the green form. Nevertheless, since

these events were infrequently reported even after

prompted surveillance suggests that these drugs are well

tolerated in the general practice setting.

The estimates of effect used in this study (rate difference

and rate ratio) may have been subject to selection and

response bias, and biases arizing from the different periods

of observation of the two studies [34]. Since for any event

we found only very small absolute differences between

these drugs the main limitation to consider is whether we

have missed larger, clinically important differences in

Table 2 Number, rates and rate ratios of common events during the ®rst 6 months of exposure to lansoprazole or pantoprazole compared with

omeprazole (reference).

Number with

event

Rate per 1000 days

of exposure

Rate difference

(95% con®dence limits)

Crude rate ratio

(95% con®dence limits)

Adjusted rate ratio

{ (95% con®dence limits)

Diarrhoea

Omeprazole 253 0.18 0 1 1

Lansoprazole 534 0.39 0.21 (0.17, 0.25) 2.12 (1.82, 2.47)*** 2.11 (1.78, 2.51)***

Pantoprazole 196 0.23 0.05 (0.01, 0.09) 1.23 (1.01, 1.50) 1.26 (1.02, 1.55)

Pain abdomen

Omeprazole 240 0.17 0 1 1

Lansoprazole 291 0.21 0.04 (0.01, 0.07) 1.22 (1.02, 1.46) 1.15 (0.95, 1.39)

Pantoprazole 144 0.17 0 (x0.03, 0.03) 0.98 (0.79, 1.20) 0.94 (0.75, 1.17)

Nausea/vomiting

Omeprazole 223 0.16 0 1 1

Lansoprazole 304 0.22 0.06 (0.03, 0.09) 1.33 (1.12, 1.59)** 1.33 (1.10, 1.61)*

Pantoprazole 153 0.18 0.02 (x0.02, 0.06) 1.08 (0.87, 1.34) 1.12 (0.90, 1.41)

Headache

Omeprazole 147 0.10 0 1 1

Lansoprazole 238 0.17 0.07 (0.04, 0.10) 1.63 (1.32, 2.01)*** 1.58 (1.26, 1.99)***

Pantoprazole 127 0.15 0.05 (0.02, 0.08) 1.37 (1.07, 1.74) 1.48 (1.14, 1.93)*

Pain joint

Omeprazole 119 0.08 0 1 1

Lansoprazole 154 0.11 0.03 (0.01, 0.05) 1.35 (1.06, 1.71) 1.40 (1.08, 1.82)

Pantoprazole 87 0.10 0.02 (x0.01, 0.05) 1.22 (0.93, 1.62) 1.36 (1.01, 1.83)

Pain Chest

Omeprazole 97 0.07 0 1 1

Lansoprazole 104 0.08 0.01 (x0.01, 0.03) 1.09 (0.82, 1.44) 1.11 (0.81, 1.52)

Pantoprazole 65 0.08 0.01 (x0.01, 0.03) 1.10 (0.81, 1.51) 1.14 (0.81, 1.60)

Ischaemic heart disease

Omeprazole 97 0.07 0 1 1

Lansoprazole 90 0.07 0 (x0.02, 0.02) 0.96 (0.71, 1.30) 1.04 (0.75, 1.44)

Pantoprazole 51 0.06 x0.01 (x0.03, 0.01) 0.89 (0.63, 1.26) 0.99 (0.68, 1.45)

Malaise

Omeprazole 95 0.07 0 1 1

Lansoprazole 143 0.10 0.03 (0.01, 0.05) 1.50 (1.16, 1.93)* 1.46 (1.11, 1.92)*

Pantoprazole 57 0.07 0 (x0.02, 0.02) 0.95 (0.68, 1.33) 0.93 (0.65, 1.33)

Depression

Omeprazole 93 0.06 0 1 1

Lansoprazole 128 0.09 0.03 (0.01, 0.05) 1.62 (1.23, 2.12)** 1.64 (1.24, 2.19)**

Pantoprazole 78 0.08 0.02 (0.00, 0.04) 1.42 (1.04, 1.93) 1.39 (1.01, 1.92)

Myalgia

Omeprazole 24 0.02 0 1 1

Lansoprazole 48 0.04 0.02 (0.01, 0.03) 2.04 (1.26, 3.29)* 2.31 (1.36, 3.90)*

Pantoprazole 32 0.04 0.02 (0.01, 0.03) 2.20 (1.30, 3.73)* 2.62 (1.52, 4.50)***

All models strati®ed by gender and with standard errors adjusted for possible clustering effects by general practice surgery. {Adjusted for age, season of

starting drug, and indication. *P<0.01; **P<0.001; ***P<0.0001.
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event rates. However, we consider that any biases would

be likely to increase rather than decrease the chances of

observing a noncausal relationship. For example, since the

omeprazole cohort was followed up at 1 year, and the

lansoprazole and pantoprazole cohorts at 6 months, there

may be recall bias in favour of omeprazole. This is because

it is usually easier to recall side-effects which have

happened more recently.

Response rates were higher in the omeprazole cohort

than the lansoprazole cohort, and it is possible that returns

in the omeprazole cohort differentially favoured those

returns with no or fewer events recorded. Also, the drugs

were monitored at different times, separated by up to

8 years, a potential weakness of the study because by the

time lansoprazole and pantoprazole were examined most

side-effects of proton-pump inhibitors would have been

recognized and perhaps be recorded and reported more

frequently. It has previously be shown that reporting of

events increases when doctors' attention is drawn to

speci®c problems [34, 35]. However, we would have

expected a larger difference in rates of diarrhoea when

pantoprazole was compared with omeprazole, but this was

not observed. The speci®city of the association between

lansoprazole and diarrhoea, together with the observed

age-response relationship, suggest that this association may

not be entirely explained by the biases discussed above. It is

possible that the duration of prescription for proton-pump

inhibitors has changed over time, and that if omeprazole

was prescribed for shorter periods, fewer events would be

expected. Cox regression analysis controls for the potential

confounding effect of follow-up time, which in this study

was duration of exposure, and the Aalen plots that we

inspected when doing the Cox regression analysis

suggested that the rate ratios were of a similar magnitude

over the whole follow-up time for each event.

People who had switched from one proton pump

inhibitor to another were inevitably included in the study

as the methodology did not identify this group of patients.

This may have resulted in a higher event rate in

lansoprazole and pantoprazole users if switching was

related to the side-effects of omeprazole. However, only

about 3% of proton pump inhibitors are stopped because

of side-effects, making this source of bias an unlikely

explanation for our ®ndings [36]. We were unable to

examine the effect of different doses on the incidence of

side-effects such as diarrhoea.

In conclusion we found that adverse events associated

with omeprazole, lansoprazole and pantoprazole were

reported infrequently, and that there were only very small

differences in the adverse event rates studied between these

drugs. The small differences found seem likely to be

explained by information or selection bias. However, the

data do suggest the hypothesis that diarrhoea occurs more

frequently in association with lansoprazole, particularly in

older age groups.

0.999793

med 1

med 3

med 2

0.94139

0.5 180

Follow-up time (days)

Figure 1 Survival curve showing the probability of diarrhoea

associated with proton pump inhibitors. Kaplan-Meier survival

estimates, med 1 omeprazole; med 2 lansoprazole; med 3

pantoprazole.

Table 3 Age strati®ed rate ratio of diarrhoea during the ®rst 6 months of exposure to lansoprazole or pantoprazole compared with omeprazole

(reference).

Drug 21±30 31±40 41±50

Age (years)

51±60 61±70 71±80 i81

Omeprazole 12 18 32 36 58 50 25

(n)

Lanzoprazole (n) 17 38 68 95 123 117 43

Pantoprazole 8 17 24 24 40 47 18

(n)

Rate ratio{ (95% CI)

Omeprazole 1 1 1 1 1 1 1

Lansoprazole 1.2 1.7 1.9 2.5 2.4 2.9 2.4

(0.6, 2.6) (1.0, 3.0) (1.2, 2.8)* (1.7, 3.8)** (1.7, 3.2)** (2.1, 4.0)** (1.4, 3.8)**

Pantoprazole 1.0 1.1 1.2 1.0 1.2 1.9 1.7

(0.4, 2.5) (0.6, 2.1) (0.7, 2.0) (0.6, 1.8) (0.8, 1.9) (1.3, 2.8)* (0.9, 3.1)

{Adjusted for sex. *P<0.01, **P<0.001. Age under 21 years not shown as numbers were very small.
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